















































































































































































































































































































































































































































































































































































































































































































































































































 MoS2	roughness	(pm)	 MoS2/APTMS	roughness(pm) 
Area	1 955.5 477.1 
Area	2 509.4 466.6 
Area	3 599.3 446.4 








																																				𝐼"# = 𝐼"#	& 𝑒()*+ ,+(-./) 123 4)																																		(1)	
where	𝐼"#	=	intensity	of	Mo	peak	after	deposition,	𝐼"#& 	=	intensity	of	Mo	peak	before	
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Starting	Ratio	of	MAI:BAI	 UV-Vis	Peaks	seen	 Color	 Majority	of	Film	is…	
2:1	 n=2,	n=3	 Pink	 n=2	
5:1	 n=3,	n=4	 Black	 n=3	


























































































































































































































































































Sample	 Concentration	(M)	 Spin	Speed/Acceleration	(rpm)	 Average	thickness	(nm)	
1	 0.5	 3000/3000	 176	
2	 0.5	 6000/6000	 153		
3	 1.0	 3000/3000	 397	

























































































Solution	#	 MAI	(g)	 BAI	(g)	 Conc.	MAI	(M)	 Conc.	BAI	(M)	
Sol	1	 0.15	 0.1	 1		 0.5	
Sol	2	 0.225	 0.15	 1.5		 0.75	
Sol	3	 0.3	 0.2	 2		 1	
MAI:BAI Ratio: 1.7 
MAI (µmol): 31 
BAI (µmol): 18 
MAI:BAI Ratio: 2.3 
MAI (µmol): 146 
BAI (µmol): 63 
MAI:BAI Ratio: 1.8 
MAI (µmol): 107 
BAI (µmol): 60 
Sol.	1 
Sol.	2 
Sol.	3 
Figure	5.40:	1H	NMR	of	2:1	ratio	films	made	with	varying	concentrations	
All	ratios	stay	close	to	the	wanted	2:1	ratio.	
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perovskite.	After,	the	film	turns	pink	and	the	UV/Vis	shows	a	large	n=2	peak	and	a	smaller	n=3	
peak.	
	 	
	 The	higher	concentration	Sol	2	behaves	in	a	similar	way	to	Sol	1.	The	films	first	turned	
black	at	30	minutes	and	then	turned	into	the	final	pink	color	as	time	went	on.	Similarly,	the	
UV/Vis	for	Sol	2	shows	the	same	pattern	as	the	UV/Vis	for	Sol	1.	Further,	Sol	3	also	shows	the	
same	pattern	even	though	the	films	made	were	not	as	uniform	as	films	from	Sol	1	and	Sol	2.	
The	difference	for	Sol	3	was	that	the	UV/Vis	peaks	are	not	as	prominent	as	Sol	1	and	Sol	2,	but	
this	is	attributed	to	the	poor	film	quality.		
	
Figure	5.41:	UV/Vis	of	film	made	using	2:1	ratio	of	MAI:BAI	with	a	1	M	ratio	of	MAI	
The	solution	used	for	these	films	was	the	same	concentration	used	previously.	As	expected,	the	
results	were	the	same.	
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Figure	5.43:	UV/Vis	of	film	made	using	2:1	ratio	of	MAI:BAI	with	a	1.5	M	ratio	of	MAI	
The	films	made	using	Sol	2	behave	the	same	as	the	films	made	using	Sol	1.	
Figure	5.42:	UV/Vis	of	film	made	using	2:1	ratio	of	MAI:BAI	with	a	2	M	ratio	of	MAI	
The	films	made	using	Sol	3	show	the	same	peaks	as	the	films	made	using	Sol	1	and	Sol	2	even	
though	the	film	quality	for	Sol	3	was	poor.	
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	 Overall,	this	small	study	reinforces	the	conclusion	that	the	ratio	of	MAI:BAI	is	the	most	
important	factor	when	using	the	melt	infiltration	method.	The	concentration	and	thickness	of	
the	initial	precursor	films	can	change	the	time	needed	to	fully	react	a	film	but	do	little	to	
change	the	final	layer	number.		
Conclusion	
	 Controlling	the	layer	number	of	a	mixed	perovskite	film	is	not	an	easy	task.	Many	spin	
coating	methods	give	a	mixed	layer	number	film.	The	experiments	in	this	chapter	hope	to	give	
some	insight	into	how	to	better	control	the	formation	of	mixed	cation	perovskites.	By	
controlling	the	ratio	of	MAI:BAI,	I	was	able	to	make	films	that	more	closely	resembled	single	
layer	number	films,	and	with	more	effort	and	practice,	this	approach	could	be	used	to	make	
single	crystal	structure	films	of	mixed	cation	perovskites.		
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Chapter	6: Conclusion	
Introduction	
This	dissertation	chronicles	the	journey	I	have	taken	over	the	past	5	years.	What	began	
as	a	study	on	2D	materials	shifted	into	a	study	on	2D	perovskites,	with	many	ups	and	downs	
along	the	way.	This	journey	did	not	just	include	doing	research.	Over	the	past	5	years	I	moved	
to	a	completely	new	area	of	the	country,	got	married,	traveled	around	the	world,	watched	UNC	
lose	and	win	a	national	basketball	championship,	did	an	internship	at	Cree	and	made	many	
great	friends.	All	aspects	of	this	journey	have	helped	prepare	me	for	my	future	as	a	researcher	
and	engineer.	Through	these	experiments,	I	have	learned	numerous	analytical	techniques.	I	
have	learned	that	sometimes	experiments	just	don’t	work	but	that	doesn’t	mean	to	stop	trying.	
But	most	importantly,	I	have	learned	how	to	think	critically	and	how	to	learn	new	things.	The	
most	important	take	away	I	have	from	getting	a	Ph.D.	is	it	helped	me	to	learn	how	to	learn	
about	things	I	have	never	even	heard	of.	I	have	had	to	teach	myself	how	to	used	new	
equipment	and	new	programs.	I	have	had	to	shift	into	many	different	areas	of	chemistry	and	
learn	about	new	materials	each	time.	Even	if	the	research	I	completed	during	graduate	school	is	
forgotten,	I	will	always	have	the	lessons	I	learned	to	guide	me	through	life.			
Overall	Conclusions	
But	what	is	a	conclusion	chapter	without	a	summer	of	the	major	conclusions	of	the	past	
four	chapter.	Following,	I	will	lay	out	below	the	major	findings	of	this	dissertation.		
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MoS2	Functionalization	
Chapters	2	and	3	tell	the	story	of	a	method	to	functionalize	MoS2.	This	homemade	CVD	
method	is	easy	to	use	and	very	versatile.	I	presented	here	how	to	functionalize	MoS2	with	both	
APTMS	and	OTS	monolayers	but	I	believe	that	many	other	silane	molecules	could	be	used.	The	
thickness	of	the	monolayer	is	able	to	be	tuned	by	changing	the	time	and	the	pressure.	The	
functionalization	method	does	not	harm	the	structure	of	the	MoS2.	Also,	the	results	shown	
point	towards	a	covalent	linkage	between	the	APTMS	monolayer	and	the	MoS2	through	a	Si-O-
Mo	bond.	This	bond	formation	can	occur	because	of	sulfur	vacancies	in	the	MoS2.	Overall,	
future	work	should	include	experimenting	with	other	silane	molecules	and	studying	how	the	
functionalization	effects	the	transistor	behavior	of	MoS2.		
OFET	Fabrication	
The	preparation	of	films	of	the	TES-ADT	derivatives	was	not	easy.	But,	after	much	effort,	
films	of	each	were	able	to	be	prepared	by	either	spin-coating	or	blade-coating.	Overall,	all	
derivatives	(OO-ADT,	HA-ADT,	and	BT-ADT)	but	the	OT-ADT	showed	signs	of	future	use	in	
OFETs.	Further,	the	HA-ADT	mobility	greatly	improved	when	blade	coating	was	used.	Future	
work	should	include	looking	at	how	blade	coating	effects	the	mobility	of	the	other	derivatives	
to	see	if	there	is	any	improvement.	
Melt	infiltration	of	2D	Mixed	Perovskites	
There	is	still	so	much	research	to	be	done	on	perovskites.	There	seems	to	be	an	almost	
unlimited	amount	of	different	molecules	that	can	be	used	to	make	perovskite.	The	melt	
infiltration	method	presented	here	gives	a	method	to	make	perovskite	that	could	potentially	be	
used	with	many	different	molecules.	Since	the	melt	infiltration	process	causes	the	perovskite	to	
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form	very	slowly,	it	gives	a	way	to	look	at	the	perovskite	formation	over	time.	For	example,	it	
shows	that	the	n=2	mixed	perovskite	first	forms	the	3D	component	and	then	the	final	2D	film.	
Future	work	on	this	project	should	include	tuning	the	conditions	to	give	films	that	are	solely	
made	up	of	n=3	or	n=4	mixed	perovskites.		
The	End	
Thank	you	for	reading.	I	hope	you	have	a	nice	day!	
